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Abstract:
The role of the macrophage in influenza virus infection is complex. Macrophages are critical for resolution of influenza virus infections but implicated in morbidity and mortality in severe infections. They can be infected with influenza virus and consequently macrophage infection is likely to have an impact on the host immune response. Macrophages display a range of functional phenotypes from the prototypical pro-inflammatory classically activated cell to alternatively activated anti-inflammatory macrophages involved in immune regulation and wound healing. We were interested in how macrophages of different phenotype respond to influenza virus infection and therefore have studied the infection of bone marrow derived macrophages (BMDMs) of classical and alternative phenotype in vitro. Our results show that alternatively activated macrophages are more readily infected and killed by the virus than classically activated. Classically activated BMDMs express the proinflammatory markers inducible nitric oxide synthase (iNOS) and TNFα and TNFα expression was further upregulated following infection. Alternatively activated macrophages express Arginase-1 and CD206, however, following infection, expression of these markers is down regulated while expression of iNOS and TNFα is upregulated. Thus, infection can override the anti-inflammatory state of alternatively activated macrophages. Importantly, however, this results in lower levels of pro-inflammatory markers than those produced by classically activated cells. Our results show that macrophage phenotype affects the inflammatory macrophage response following infection and indicate that modulating the macrophage phenotype may provide a route to develop novel strategies to prevent and treat influenza virus infection.
Summary

22
The role of the macrophage in influenza virus infection is complex. which contributes to high mortality (Cheung et al., 2002; Kobasa et al., 2007; Korteweg & Gu, 54 2008) .
56
Influenza virus primarily infects epithelial cells in the respiratory track but also has a well-57 recognized ability to infect macrophages (Rodgers & Mims, 1982; Tumpey et al., 2005) .
58
Macrophages play a central role in initiating and controlling the immune response to infections
59
and infection of these innate immune cells is highly likely to have consequences for the 60 outcome of infection. It is clear, however, that the ability to infect and replicate in macrophages 61 is dependent on both virus strain and origin of the macrophage and that the results of infection 62 are highly variable (Nicol & Dutia, 2014; Short et al., 2012) . Infection of monocyte derived 63 macrophages in vitro with highly pathogenic viruses leads to production of higher levels of 64 inflammatory cytokines and chemokines than are produced in response to infection with low 65 pathogenicity seasonal viruses (Cheung et al., 2002; Zhou et al., 2006) 
124
Treatment of 129Sv/Ev BMDMs with IFN resulted in production of iNOS mRNA and iNOS 125 activity (Fig 2c,d ) confirming that these BMDMs had differentiated to a classical phenotype.
126
IFNR -/-BMDM cannot respond to IFN and therefore were not able to produce a classical 127 macrophage response, ie they did not upregulate iNOS upon IFN treatment (Fig 2c,d ). We (Fig 6d,h ). Classical markers
188
were low or undetectable in these cells (Fig 6b,f) (Fig 6f) . Infection of alternatively activated wild type
196
129Sv/Ev and IFNR -/-BMDMs led to decreased expression of Arg-1 and CD206 (Fig 6 d,h ). et al., 1999; Raveh et al., 1998 (Gao et al., 1998; Geller et al., 1995) and it is likely these cytokines together
257
with TNFα and IFN are involved in induction of iNOS and IL-12p40 following virus infection (Drapier et al., 1988; Farrell & Blake, 1996; Ma et al., 1996) . 
392
Each gene of interest was normalized to the reference genes using Genex software (MultiD)
393
and relative expression of infected to mock controls was calculated. 
